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DESCRIPTION 

MOUNTING METHOD AND MOUNTING DEVICE OF LIGHT EMITTING 

ELEMENT 

Technical Field 

The present invention relates to the mounting method 
and mounting device of a light emitting element, which are 
used at the time of mounting a light emitting element such 
as a laser chip or LED on a board or the like. 
Background Art 

In general, in order to carry out bonding of electronic 
parts to a board with high precision, an arrangement is 
usually made wherein an alignment mark is provided to the 
electronic parts beforehand, this alignment mark and the 
mark of the board are subjected to alignment, and then 
bonding of the electronic parts to the board is carried out. 
However, providing an alignment mark to parts leads to a 
problem wherein the accuracy of position to a board is also 
affected by the margin of error in providing an alignment 
mark, as well as raising costs. 

Of electronic parts, with light emitting elements such 
as a laser chip or LED, it is desirable to carry out bonding 
onto a board based on the optic axis at the time of making a 
light emitting element emit light. 

Fig. 18 illustrates an example in which an edge- 
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emi t ting - type laser chip 100 is bonded to a waveguide board 
101. A waveguide 102 for letting light pass is horizontally 
formed in the waveguide board 101, alignment is performed 
such that this waveguide 102 and the optic axis of the laser 
chip 100 become the same axis, and bonding is performed 
through an elec troconductive connecting material 103. With 
the portion on the opposite side of the portion of the 
waveguide board 101 to which the laser chip 100 is bonded 
across the waveguide 102, an optical fiber 104 is attached 
thereto so as to align its axial center with the axial 
center of the waveguide 102. Thus, the light generated by 
the laser chip 100 is transmitted to an optical 
communications line through the optical fiber 104. 

When bonding the laser chip 100 to the waveguide board 
101 as described above, alignment should be precisely 
performed such that the waveguide 102 and the optic axis of 
the laser chip 100 are on the same axis. To this end, the 
optic axis of the laser chip 100 needs to be aligned with 
the waveguide 102 in the X-axis, Y-axis (optic-axis 
direction), Z-axis, and 6-axis directions. In particular, 
the accuracy of position of micron order is necessary in the 
X-axis direction and in the Z-axis direction. 

With Patent Document 1, a method has been proposed 
wherein an intermediate chip is disposed on a post on the 
basis of a positioning plate, a laser chip is disposed on 
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this intermediate chip, the laser chip is made to emit light, 
correction o£ rotational direction is performed based on the 
emi 1 1 ing - 1 ight direction thereof, following which bonding of 
the three articles of the post, intermediate chip, and laser 
chip is simultaneously carried out. However, this method is 
a method for making the laser chip emit light, recognizing 
the direction thereof, and performing rotation correction on 
that occasion, so only rough adjustment can be performed 
with this method, and attempting to adjust the orientation 
with high precision requires time. Also, the relative 
spatial relationships between the laser chip and the post 
are not recognized, so that in the event of mounting a laser 
chip on a waveguide board, high accuracy of position cannot 
be expected even with this method. 

Patent Document 1: Japanese Examined Patent 
Application Publication No. 7-46747 

With Patent Document 2, a method has been proposed 
wherein a laser chip is disposed on an intermediate stage, 
the laser chip is made to emit light, the X, Y, and G axes 
of the optic axis thereof are measured, the emi t ting - 1 ight 
direction is corrected depending on the measurement, 
following which the laser chip is subjected to bonding to 
the post or the like. In this case, the emi t ting - light 
direction of the laser chip can be recognized with precision, 
but the relative spatial relationships as to the post 
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serving as an object to be bonded cannot be recognized, so 
the position and attitude of a mounting state cannot 
necessarily be secured. In particular, bonding is 
frequently accompanied with not only pressure but also 
heating, and consequently, attitude error is caused due to 
heat deformation or the like at the time of heating bonding, 
and therefore accuracy of position in the mounting state is 
not high. 

Patent Document 2: Japanese Examined Patent 
Application Publication No. 7-105575 

Patent Document 3 is a method for performing the image 
recognition of the outer diameter datum point coordinates of 
the luminescence center of a light emitting element, and an 
element. This method relates to a method for mounting two 
or more light emitting elements having an upward optic axis 
on a board such that the luminescence center thereof becomes 
equal intervals, and the spatial relationships between the 
two or more light emitting elements can be set precisely, 
but the board has nothing used as a datum reference, and 
accordingly, the relative positions in a mounting state 
between the light emitting elements and the board cannot be 
secured. Accordingly, even if this method is applied to a 
case of mounting a laser chip on a waveguide board, high 
accuracy of position between the waveguide board and the 
laser chip cannot be obtained. 
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Patent Document 3: Japanese Unexamined Patent 
Application Publication No. 2000-150970 
Disclosure of Invention 

Problems to be Solved by the Invention 

It is an object of the present invention to provide a 
mounting method and mounting device of a light emitting 
element, which can perform positioning as to an object with 
precision on the basis of the optic axis of a light emitting 
element, and can mount the element on the object. 
Means for Solving the Problems 

In order to achieve the above object, the invention 
described in Claim 1 provides a mounting method of a light 
emitting element by suctioning a first part serving as a 
light emitting element having an optic axis toward the 
horizontal direction at the lower end portion of a suction 
head, and mounting this first part while aligning this with 
a second part held on a stage, this method comprising: a 
process for preparing: a first optical system disposed 
further above than the above suction head; a second optical 
system disposed further below than the above stage such that 
the optic axis thereof and the first optical system are 
generally faced; and a third optical system disposed such 
that the optic axis thereof and the first optical system are 
generally orthogonalized; a process for inserting the 
suction head between the first optical system and the second 



optical system, capturing a head reference mark, which is 
appended to the suction head and can be recognized from 
above, using the first optical system, capturing the first 
part suctioned at the suction head using the second optical 
system, also making the first part emit light, and 
recognizing the optic axis thereof using the third optical 
system; a process for inserting a stage between the first 
optical system and the second optical system, capturing the 
second part held on the stage using the first optical system, 
and also capturing a stage reference mark, which is appended 
to the stage and can be recognized from below, using the 
second optical system; a process for calculating the 
relative position between the first part and the suction 
head using the image information from the above first 
optical system, second optical system, and third optical 
system, and the relative position between the second part 
and the stage; a process for recognizing the above head 
reference mark and stage reference mark using the above 
first and second optical systems in a state in which the 
above suction head and stage are moved to a mounting 
position, subjecting at least one of the suction head and 
the stage to position correction using those position 
information and the above relative position information such 
that the positions of the first part and the second part 
serve as a predetermined relation; and a process for 
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mounting the first part and the second part following the 
above position correction. 

The invention described in Claim 9 provides a device 
for mounting a light emitting element by mounting a first 
part serving as a light emitting element having an optic 
axis toward the horizontal direction while aligning this 
with a second part, the device comprising: a suction head 
for suctioning the first part at the lower end portion 
thereof, and having a head reference mark which can be 
recognized from above; a stage for holding the second part 
at the upper end portion thereof, and having a stage 
reference mark which can be recognized from below; a driving 
mechanism for relatively moving the above suction head and 
stage in the X, Y, Z, and 9 directions; a first optical 
system, which is disposed further above than the above 
suction head, for capturing the second part held on the 
stage and the head reference mark; a second optical system, 
which is disposed further below of the above stage so as to 
generally face the optic axis of the first optical system, 
for capturing the first part suctioned at the suction head 
and the stage reference mark; a third optical system, which 
is disposed such that the direction of the optic axis 
thereof is generally orthogonal as to the first optical 
system, for capturing the optic axis at the time of making 
the first part emit light; a calculating device for 
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calculating the relative position between the first part and 
the suction head, and the relative position between the 
second part and the stage using the image information from 
the above first through third optical system; a control 
device for recognizing the above head reference mark and 
stage reference mark using the above first and second 
optical systems in a state in which the above suction head 
and stage are moved to a mounting position, subjecting the 
suction head and the stage to position correction using 
those position information and the above relative position 
information such that the positions of the first part and 
the second part serve as a predetermined relation. 

Description will be made regarding an example of a 
mounting method according to Claim 1. 

First, the first optical system, second optical system, 
and third optical system are prepared. Here, the term 
"optical system" can include not only a single camera body 
but also a mirror, lens, and so forth, and is not restricted 
to one optical system comprising one camera, so two or three 
optical systems may comprise one camera, and inversely, one 
optical system may comprise two or more cameras. 

The first optical system of which the optic axis faces 
downwards is disposed above the suction head, and the second 
optical system of which the optic axis faces upwards is 
disposed below the stage. The optic axes of the first 
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optical system and second optical system are generally faced, 
and have known spatial relationships. The third optical 
system is disposed such that its optic-axis direction is 
generally orthogonal to the first optical system, and the 
third optical system is preferably disposed such that at 
least a part of its imaging visual field includes the visual 
field of the first optical system. Note that in the event 
that the sizes of the first part and second part serving as 
subjects become greater than an estimated visual field, it 
is preferable that the first optical system and the second 
optical system can move to the planar direction as a unit. 

Next, the suction head is inserted between the first 
optical system and the second optical system, a head 
reference mark, which is appended to the suction head, and 
can be recognized from above, is captured using the first 
optical system, also the first part suctioned at the suction 
head is captured using the second optical system, also the 
first part is made to emit light, and also the optic axis 
thereof is simultaneously captured using the third optical 
system. That is to say, the X, Y coordinates (Y axis is the 
direction of the optic axis) of the head reference mark can 
be recognized with the first optical system, the Y 
coordinate of the first part can be recognized with the 
second optical system, and the X, Z coordinates of the optic 
axis of the first part which emitted light can be recognized 
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with the third optical system. Note that the Z coordinate 
is not always necessary to be recognized. Thus, the 
relative positions in the X, Y direction between the suction 
head and the luminescence center of the first part can be 
obtained from the captured data of the three optical systems. 

Nexti the stage is inserted between the first optical 
system and the second optical system, the second part held 
on the stage is captured using the first optical system, and 
also a stage reference mark, which is appended to the stage 
and can be recognized from below, is captured using the 
second optical system. The relative positions in the X, Y 
direction between the second part and the stage can be 
calculated by recognizing the position of the second part 
from the image information of the first optical system, and 
recognizing the position of the stage (stage reference mark) 
from the image information of the second optical system. 

Note that the process for capturing the suction head 
and the first part, and the process for capturing the stage 
and the second part may be performed whichever first. 

As described above, the relative positions in the X, Y 
direction between the first part and the suction head, and 
the relative positions in the X, Y direction between the 
second part and the stage can be calculated, using the image 
information from the first through the third optical systems. 

Next, the head reference mark and the stage reference 
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mark are recognized using the first and second optical 
systems in a state in which the suction head and the stage 
are moved to a mounting position, the suction head and the 
stage are subjected to position correction using those 
position information and the above relative position 
information such that the positions of the first part and 
the second part serve as a predetermined relation. In this 
state, upon mounting the first part and the second part, the 
relative positions of both parts in a mounting state can be 
secured, and accordingly, mounting can be performed in a 
state in which alignment is performed with high precision. 

Note that with the present invention, the term 
"position" represents the positions in the X, Y, Z direction, 
and the orientation in the 0 direction generically. 
Accordingly, the "position" includes "attitude". 

With the method according to the present invention, 
position security under mounting is performed while 
capturing the reference marks provided to both head and 
stage, so accuracy required as an axial mechanism can be 
extracted only to position resolution, and accordingly, 
highly precise reproducibility is not needed. Consequently, 
a cheap axial mechanism can be employed. Also, 
reproducibility errors such as heat deformation and lost 
motion can be corrected under mounting. As a result, even 
with mounting of the electronic parts with which the 
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accuracy of position of sub-micron order is demanded, this 
invention is applicable. 

It is not necessary to always hold the first, second, 
and third optical systems to fixed spatial relationships, 
and it should just be in known spatial relationships at 
least at the time of capturing. For example, one of the 
optical systems may be temporarily evacuated at the time of 
insertion of the head or the stage, and you may make it 
return to the original position after that. A reproducible 
mechanism needs to be used for the moving mechanism of the 
optical systems in this case. 

Further, since mounting work can be carried out while 
capturing using the first through third optical systems, the 
gap between the first part and the second part under 
mounting is also detectable. Accordingly, for example, with 
the vamp connecting construction method or the like, since 
this heat modification is recognized at any time and the 
positions of the first and second parts can be corrected 
even if the head and the stage cause heat deformation with 
the heat of a heater, accurate positioning is possible also 
under heating conditions. 

In the event of bonding a light emitting element such 
as a laser chip to a waveguide board or the like, the 
accuracy of position in the X-axis direction (in the case 
that the Y axis is the direction of the optic axis) and the 
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Z-axis direction between the optic axis of, the light 
emitting element and the waveguide board is important. As 
for the Z-axis direction, if a pedestal is provided on the 
waveguide board for example, and the height from the bottom 
of the light emitting element to its optic axis, the height 
of the pedestal, the height of the optic axis of the 
waveguide, and the like are processed with high precision 
beforehand, it is possible to conform to the optic axis of 
the Z direction. However, as for the accuracy of position 
in the X direction, even if a working face is provided on 
the board beforehand, the accuracy between the position of 
the optic axis and the side-end face of the light emitting 
element is not always high, so the accuracy in the X 
direction cannot be secured. 

With the present invention, the position of the optic 
axis in the X direction of the first part (light emitting 
element) is recognized with the third optical system, the 
positions of the X, Y direction of the second part are 
recognized with the first and second optical systems, so the 
first part can be precisely subjected to positioning as to 
the second part in the X direction. 

As with Claim 2, the process for preparing the first 
optical system and the second optical system may include a 
process for measuring the amount of optic-axis deviation 
between the first optical system and the second optical 
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system by Inserting a single calibration mark, which can be 
recognized from both above and below, between the first 
optical system and the second optical system, and capturing 
this calibration mark using the first optical system and the 
second optical system. 

Even if the optic axes of the first optical system and 
the second optical system are adjusted beforehand so as to 
be faced precisely on the same axis, deviation between the 
optic axes due to time course, temperature change, and so 
forth cannot be prevented from occurrence, and also it is 
difficult to maintain highly precise accuracy of position 
like a sub-micron order. To this end, the amount of optic- 
axis deviation between both optical systems is obtained by 
recognizing the same mark from both upper and lower sides 
using the first optical system and the second optical system, 
and accurate alignment can be performed without adding an 
error by performing calculation of the relative position 
between the first part and the suction head, calculation of 
the relative position between the second part and the stage, 
and further position correction between the suction head and 
the stage, and the like using the above amount of optic-axis 
deviation . 

The height in the Z-axis direction at the insertion 
position of the calibration mark is preferably set to the 
height of the bonded surface. 
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Note that performing calibration each time mounting 
parts is performed maintains the highest precision, but 
calibration may be performed for every predetermined number 
of mounting parts, or every set period. 

As with Claim 3, the process for preparing the first 
optical system and the third optical system may include a 
process for measuring the amount of optic-axis deviation 
between the first optical system and the third optical 
system by inserting a calibration mark of which the relative 
spatial relationships from above and from the horizontal 
direction are known between the first optical system and the 
third optical system, and capturing this calibration mark 
using the first optical system and the third optical system. 

Although the optic axis of the first optical system and 
the optic axis of the second optical system need to be 
generally or thogonalized as a method for measuring the 
amount of optic-axis deviation in the orthogonal direction 
thereof, the amount of optic-axis deviation can be readily 
recognized by inserting a calibration mark of which the 
relative spatial relationships from above and from the 
horizontal direction are known between the first optical 
system and the third optical system, and capturing this 
calibration mark. Accurate alignment can be performed 
without adding an error by performing calculation of the 
relative position between the first part and the suction 
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headt and the like using this amount of optic-axis deviation. 

As with Claim 4, as for the calibration mark for 
measuring the amount of optic-axis deviation between the 
first optical system and the second optical system, or the 
calibration mark for measuring the amount of optic-axis 
deviation between the first optical system and the third 
optical system, a mark provided on the suction head or the 
stage may be employed. 

Although the calibration mark may be a mark provided on 
another member different from the suction head and the stage, 
providing the calibration mark on the suction head or the 
stage leads to an advantage wherein another member for 
calibration becomes unnecessary, and also the configuration 
becomes simple. 

Note that the calibration mark needs to be recognized 
simultaneously from the multiple optical systems. To this 
end, a vertical through-hole provided on the suction head or 
the stage, or a mark provided on a transparent body (glass 
plate) and so forth, or the like may be employed as the 
calibration mark. 

As with Claim 5, with the process for making the first 
part emit light, and recognizing the optic axis thereof 
using the third optical system, the emitting light state of 
the first part is measured, and the first part is preferably 
discharged as a defective article without proceeding to the 
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subsequent processing, in the event that the emitting light 
state thereof deviates from the reference value. 

Although a selection process of the first part serving 
as a light emitting element may be performed separately, 
simultaneously performing the selection process at the time 
of measuring the optic axis like with Claim 5 enables the 
number of processes to be reduced and productivity to be 
increased . 

As with Claim 6, the first optical system, second 
optical system, and third optical system are preferably held 
at fixed spatial relationships throughout all of the 
processes for alignment so as to prevent the optic axes of 
the mutual optical systems from deviation. 

Thus, if a position is recognized using the first 
through third optical systems to which the relative 
positions are always fixed, influence of the error due to a 
moving mechanism can be lessened compared with the case in 
which the optical systems are moved mutually, thereby 
enabling accuracy of positioning to be improved, and also 
requiring no advanced moving mechanism. 

As with Claim 7, the position correction process 
between the suction head and the stage at the mounting 
position may include: a process for recognizing the head 
reference mark and stage reference mark using the first and 
second optical systems, and subjecting the suction head and 
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the stage to temporal tacking using the relative position 
information such that the positions of the first part and 
the second part serve as a predetermined relation; and a 
process for consecutively capturing the head reference mark 
and the stage reference mark using the first and second 
optical systems while heating one of or both suction head 
and stage for bonding, and subjecting the suction head and 
the stage to relative position correction so as to maintain 
the relative spatial relationships of the temporal tacking 
process . 

In this case, position correction is consecutively 
performed as to heat modification under mounting, so even if 
there is heat modification, the first part and the second 
part can be always positioned and mounted with sufficient 
accuracy . 

As with Claim 8, the process for mounting the first 
part and the second part preferably measures the relative 
distance in the vertical direction between the first part 
and the second part using the third optical system, and 
mounts the first part and the second part while correcting 
the bonding gap thereof. 

For example, in the event that the second part is a 
waveguide board having a waveguide in the horizontal 
direction, alignment in the Z direction between the optic 
axis of the end face of the first part (light emitting 
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element) and the waveguide is important. in particular, 
when bonding is performed by heating, the amount of heat 
modification is large, and reproducibility is not expectable, 
so heat modification cannot be predicted beforehand. 

To this end, like Claim 8, if the relative distance in 
the vertical direction between the first part and the second 
part is measured using the third optical system for optic- 
axis measurement, and is corrected in real time, the 
mounting height to the second part of the first part is 
accurately controllable . 

As with Claim 10, at least one of the suction head and 
the stage preferably comprises: a part suction hole; a 
hollow portion which is provided behind the suction hole, 
and communicates the part suction hole; a transparent body 
which shuts down the face thereof facing the part suction 
hole of the hollow portion, and can see through the part 
suction hole from behind; an air suctioning path connected 
to the hollow portion; and a heater for heating which is 
fixed near the part suction hole; wherein the part suction 
hole can be recognized through the above transparent body as 
a head reference mark or stage reference mark. 

That is to say, the part suction hole is a hole for 
suctioning the first part or the second part, and is located 
with the parts in the nearest position. Accordingly, 
employing the part suction hole as a head reference mark or 
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stage reference mark makes the amount of relative position 
deviation the least, even if heat modification is in the 
suction head or the stage. 

Also, since the part suction hole serving as a 
reference mark can be looked at through a fluoroscope from 
behind the head (or stage) via the transparent body, 
capturing can be easily performed from behind the head (or 
stage) using the optical systems even in the middle of 
mounting. That is to say, the position of the head (or 
stage) in the middle of mounting can be accurately 
recognized, thereby enabling high-precision positioning. 

In the event that the first part and the second part 
are mounted while applying heat and pressure thereto, heat 
can be most efficiently conveyed to the parts and 
improvement in bonding performance can be realized by 
providing a heating heater near the position nearest to the 
parts, i.e., the part suction hole. 

Note that upon the head (or stage) being heated, 
distortion due to fluctuation of surrounding air occurs in 
an image captured by the optical system, which becomes a 
cause of error. However, in the event of employing the 
suction head or stage having the configuration according to 
Claim 10, although the hollow portion is also heated by the 
heat from the heater, since the hollow portion is in a state 
in which it is decompressed by air suction from the air 
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suctioning path, the density of air is low and there is 
little fluctuation. Consequently, when the part suction 
hole is captured through the transparent body and the hollow 
portion, the accurate captured data which has few errors due 
to fluctuation can be obtained. 

As with Claim 11, the suction head or the stage is 
preferably attached to the driving mechanism via a bracket, 
and a cavernous portion into which the first or second 
optical system can be inserted for capturing the part 
suction hole via the transparent body is preferably formed 
in the bracket. 

Although the head (or stage) is driven in the X, Y, Z, 
or 9-axis direction with the driving mechanism, since the 
back of the transparent body is wide open when this head is 
supported by a cantilever support structure to the driving 
mechanism, it is easy to dispose a camera, mirror, or the 
like behind the transparent body. However, since the head 
having the cantilever support structure may be bent by 
pressurization when bonding the first part and the second 
part, highly precise bonding is difficult. On the other 
hand, in the event that the back of the head is supported to 
the driving mechanism or the like via the bracket, even when 
pressurization power acts, the head does not bend easily, 
and highly precise bonding can be attained. However, the 
bracket becomes obstructive, and makes a camera or the like 
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hard to put back. To this end, while a camera does not 
interfere with the bracket but can capture the part suction 
hole easily by supporting with the back of the head, in 
particular, the bracket which has the cavernous portion 
behind the transparent body, the head (or stage) can be 
stabilized and supported to the driving mechanism. 

Note that with the present invention, the term "optical 
system" includes not only a camera but also portions having 
a function to reflect an image toward a camera using a 
mirror, prism, lens, and so forth. Accordingly, only 
optical systems for capturing other than a camera, such as a 
mirror, prism, and lens may be inserted in the cavernous 
portion . 

As with Claim 12, the mounting device preferably 
comprises a power source unit for making the first part emit 
light when recognizing the optic axis of the first part 
using the third optical system. 

As for the power source unit, a unit having a 
configuration which can be evacuated in the horizontal 
direction is good so as not to interfere with the suction 
head or a stage. In the event that the first part is a 
light emitting element having an electrode in a back-and- 
front side, a pair of probes of the power source unit cannot 
be simultaneously contacted to the back - and - f ront side of 
the light emitting element where the suction head is 
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suctioned. To this end, for example, the light emitting 
element can be made to emit light easily by providing an 
electrode in the suction side of the suction head, 
contacting this electrode and one electrode of the light 
emitting element, and contacting a pair of the probes of the 
power source unit to the electrode of the suction head, and 
the electrode of another side of the light emitting element. 
Advantages of the Invention 

As can be clearly understood from the above description, 
according to the present invention, the relative position 
between the suction head and the first part and the relative 
position between the second part and the stage are 
recognized using the first through third optical systems, 
following which the first part and the second part are 
mounted, whereby the relative positions of both parts in a 
mounting state can be recognized correctly, and highly 
precise mounting can be realized. In particular, since the 
first part recognizes the relative position with the suction 
head on the basis of the optic axis thereof, the first part 
can be mounted on the second part with high precision on the 
basis of the optic axis. 

Also, since the relative position between the suction 
head and the first part, and the relative position between 
the second part and the stage are recognized using the 
multiple optical systems as mentioned above, and mounting is 
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performed, accuracy required as an axial mechanism in which 
the suction head and the stage are driven can be made only 
into position resolution, and highly precise reproducibility 
is not needed. Accordingly, very highly precise mounting 
can be performed while adopting an inexpensive axial 
mechanism . 

Further, mounting work can be performed while capturing 
it from the upper and lower sides by the first and second 
optical systems, and capturing it from the side by the third 
optical system, so reproducibility errors, such as heat 
modification and lost motion, can be corrected during 
mounting. Consequently, accurate positioning is possible 
also under heating conditions. 
Best Mode for Carrying Out the Invention 

Description will be made below regarding forms for 
carrying out the present invention, , with reference to 
embodiments . 
First Embodiment 

Fig. 1 through Fig. 3 illustrate a first embodiment of 
a mounting device using a mounting method according to the 
present invention. Here, an edge- emitting - type laser chip P 
serving as a first part, and a board B serving as a second 
part, will be employed. 

The mounting device of this example comprises a head 
section la, a stage section lb, a first camera 20, a second 
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camera 21, a third camera 22, a control device 25, and so 
forth . 

The head section la comprises a suction head 2 for 
suctioning the laser chip P, and driving mechanisms 1, 8, 
and 9 for driving the suction head 2 in the X, Y, Z-axis 
direction. The suction head 2, as shown in Fig. 2, 
comprises a suctioning hole 3 connected to an unshown vacuum 
suctioning device, a part suction hole 4 which carries out 
an opening to the undersurface is provided at the tip of the 
suctioning hole 3, and the laser chip P is suctioned in this 
part suction hole 4. A head reference mark 5 is provided on 
the upper surface of the suction head 2, particularly on the 
position mostly corresponding to the part suction hole 4. 
In order to look at the reproducibility of the position in 
the 0-axis direction, the reference mark 5 may be multiple 
point-like marks as shown in Fig. 3, or may be a directional 
shape (e.g., rectangle etc.). Also, a luminescence portion 
PI is provided on the edge of the laser chip P, and laser 
light is emitted to the transverse direction from this 
luminescence portion PI. 

Note that heating means for heating the laser chip P 
may be provided on the suction head 2. 

The suction head 2 is attached to an X-axis driving 
mechanism 8 through a Z-axis driving mechanism 7, and the X- 
axis driving mechanism 8 is further connected to a Y-axis 
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driving mechanism 9. Accordingly, the suction head 2 can 
move to an arbitrary position in the X, Y, Z-axis direction. 

The suction head 2 can suction the laser chip P at an 
unshown supply position, and conveys this to a mounting 
position to mount this on a board B. 

The tip portion of a stage 11, as shown in Fig. 4, is 
provided with a transparent body 6 having calibration marks 
6a and 6b for recognizing the amount of optic-axis deviation 
between the first camera 20 and the second camera 21, and 
the amount of optic-axis deviation between the first camera 
20 and the third camera 22. The calibration mark 6a is a 
mark which can be recognized from both above and below, and 
is made up of a mark or the like which is formed on the 
upper face or lower face of the transparent body 6 using a 
thin-film method such as plating. The calibration mark 6b 
is a mark which can be recognized from the side, and is made 
up of a mark or the like which is thin - f i Im - formed on the 
side face of the transparent body 6. Both of calibration 
marks 6a and 6b are set as the fixed spatial relationships. 

Note that the calibration marks 6a and 6b are not 
restricted to the case of being formed on the transparent 
body 6, and a mark obtained by forming a hole or the like in 
an un - transparent member may be taken as a calibration mark. 
Also, calibration marks may be provided on the suction head 
2 instead of the stage 11. 
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A stage section lb comprises the stage 11 holding the 
board B, and driving mechanisms 15, 16, and 17 for driving 
this stage 11 to the X, Y, 6-axis direction. This stage 11, 
as shown in Fig. 2, comprises a suctioning hole 12 connected 
to an unshown vacuum suctioning device, a part suction hole 

13 which carries out an opening to the upper surface is 
provided at the tip of the suctioning hole 12, and the board 
B is suctioned in this part suction hole 13, and held. A 
stage reference mark 14 is provided on the undersurface of 
the stage 11, particularly on the back position mostly 
corresponding to the part suction hole 13. This reference 
mark 14, as with the head reference mark 5, may be multiple 
point-like marks as shown in Fig. 3, or may be a directional 
shape (e.g., rectangle etc.). Also, an alignment mark 31 is 
provided on the board B, corresponding to the reference mark 

14 . 

Note that heating means for heating the board B may be 
provided on the stage 11. 

The stage 11 is attached to an X-axis driving mechanism 
15, and the both ends of the X-axis driving mechanism 15 are 
connected to a Yl-axis driving mechanism 16 and a Y2-axis 
driving mechanism 17 via a hinge 15a respectively. 
Accordingly, by changing the amount of movement of Yl-axis 
driving mechanism 16 and the amount of movement of Y2-axis 
drive mechanism 17, angle adjustment of the stage 11 can be 
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carried out in the 6-axis direction. Therefore, the stage 
11 can move to an arbitrary position in the X, Y, G-axis 
direction . 

The stage 11 has a function for receiving the board B 
at the unshown supply position, and conveying this to the 
mounting position. 

The first camera 20 and the second camera 21 are 
installed above the suction head 2 and below the stage 11 at 
the mounting position respectively, and the third camera 22 
is installed in the side position to the mounting position. 
As for the third camera 22, a camera called NFP optical 
system is employed for example, and the height of the optic 
axis thereof is preferably slightly upper than the bonded 
surface height. The second camera 21 preferably has a 
capturing visual field which can capture the entire laser 
chip P. The relative positions of the first, and second 
cameras 20 and 21 are held by positioning means 23 (shown in 
Fig. 1 with a dashed line), such as a motor axis, such that 
the mutual optic axes of the cameras face generally on the 
same axis, and also the cameras do not carry out relative 
displacement. Also, the relative position of the third 
camera 22 is held by positioning means 23, such as a motor 
axis, such that the optic axes thereof is generally 
orthogonal to the first and second cameras 20 and 21, and 
also the cameras do not carry out relative displacement. 
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Although the cameras 20, 21, and 22 preferably have an auto- 
focus function, substitution by moving the first and second 
cameras 20 and 21 in the Z-axis direction, and moving the 
third camera 22 in the Y-axis (optic axis of the laser chip 
P) direction may be performed. 

The control device 25 fetches the captured data of the 
first camera 20, second camera 21, and third camera 22, 
calculates from these data the amount of optic-axis 
deviation between the first camera 20 and the second camera 
21, the amount of optic-axis deviation between the first 
camera 20 and the third camera 22, the position (attitude) 
of the laser chip P, the position (attitude) of the board B, 
the relative position (attitude) between the head reference 
mark 5 and the laser chip P, the relative position 
(attitude) between the stage reference mark 14 and the board 
B, and the like, stores these, and also has a function for 
controlling the driving mechanisms 7, 8, 9, 15, 16, and 17. 

Now, one example of operation of the mounting device 
made up of the above configuration will be described in 
accordance with Fig. 4 and Fig. 5. Fig. 4(a) illustrates 
the calibration process of the first camera 20, second 
camera 21, and third camera 22. First, the suction head 2 
is inserted between the first camera 20 and the second 
camera 21 which are disposed in the mounting position, and 
the calibration mark 6a is adjusted up to the bonded surface 



30 



height. Then, the calibration mark 6a provided on the 
suction head 2 is captured using both cameras 20 and 21, and 
the amount of optic-axis deviation between both cameras 20 
and 21 is obtained. The amount of optic-axis deviation is 
utilized for calculation of the relative position between 
the laser chip P and the suction head 2, which will be 
described later, calculation of the relative position 
between the board B and the stage 11, position correction 
between the suction head 2 and the stage 11, and the like. 
Similarly, the calibration mark 6b is captured using the 
third camera 22. At this time, the calibration marks 6a and 
6b are set at the fixed spatial relationships, whereby the 
amount of optic-axis deviation between the first camera and 
the third camera 22 can be obtained. 

Fig. 4(b) illustrates a state in which the suction head 
2 is evacuated, and the stage 11 is inserted in the mounting 
position, i.e., the position where the upper face of the 
board B becomes the bonded surface height. In this state, 
an alignment Bl of the board B on the stage 11 is captured 
using the first camera 20, and at the same time, the 
reference mark 14 behind the stage 11 captured using the 
second camera 21, and the X, Y coordinates position of the 
board B and the X, Y coordinates position of the stage 11 
are obtained. Subsequently, the spatial relationships 
between the board B and the stage 11 are stored using the 
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image information from the first camera 20 and the second 
camera 2 1 . 

Fig. 4(c) illustrates a state in which the stage 11 is 
evacuated, and the suction head 2 is declined to the 
mounting position, i.e., the laser chip P suctioned by the 
suction head 2 is made to decline in the position where it 
becomes* the bonded surface height. The laser chip P is made 
to emit light at this position (optic-axis direction is Y- 
axis) . Subsequently, the XY coordinates of the head 
reference mark 5 is recognized using the first camera 20, 
the Y coordinate of the luminescence face of the laser chip 
P (right-side face in Fig. 4(c)) using the second camera 21, 
and the X, Z coordinates of the optic axis of the laser chip 
P using the third camera 22. At this time, the visual field 
of the second camera 21 can recognize the entire laser chip 
P, so the Y coordinate of the luminescence face can be 
readily recognized. Subsequently, the spatial relationships 
between the laser chip P and the suction head 2 are stored 
using the image information from the first camera 20 through 
third camera 21. 

Note that the focal distance of the first camera 20 and 
the second camera 21 in Fig. 4(b) and (c) is different from 
the focal distance when recognizing the calibration mark 6a 
(Fig. 4(a)), so an auto-focus function is preferably 
employed so as to clearly recognize the head reference mark 
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5, alignment mark Bl, and stage reference mark 14, and so 
forth . 

Fig. 5 illustrates a situation of the suction head 2 
and the laser chip P as viewed from the third camera 
direction. The X coordinate of a luminescence portion PI of 
the laser chip P is recognized using the third camera 22, 
and the relative position in the X direction between the 
laser chip P and the suction head 2 can be obtained from the 
above recognized X coordinate, and the XY coordinates of the 
head reference mark 5 recognized using the first camera 20. 
Also, the relative position in the Z direction between the 
optic axis of the laser chip P and the suction head 2 can be 
recognized from the position information in the Z direction 
of the optic axis of the laser chip P by the third camera 22, 
and Z position information of the position sensor provided 
on the suction head 2 for example. 

The Z position information of the optic axis of the 
laser chip P, for example, may be the height Z between the 
luminescence portion PI of the laser chip P and the 
undersurface of the suction head 2, or the height between 
the luminescence portion PI and the undersurface of the 
laser chip P, and further, by providing a mark on the side 
of the suction head 2 within the visual field of the third 
camera 22, may be the height between this mark and the 
luminescence portion PI. 
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Fig. 4(d) is a mounting process wherein the stage 11 is 
moved to the same position as Fig. 4(b) while holding the 
suction head 2 at the mounting position, and the laser chip 
P is mounted on the board B. At this time, positioning in 
the Z direction should be performed using the position 
sensor provided in the suction head 2. Note that the amount 
of heat deformation in the Z direction when heating is 
instructed beforehand . 

Following the position recognition in Fig. 4(b), the 
stage 11 is evacuated in Fig. 4(c), and further when 
returning the stage 11 to the mounting position in Fig. 4(d), 
the board B cannot necessarily return with sufficient 
reproducibility to the position in Fig. 4(b) depending on 
the accuracy of the driving mechanisms 15 through 17. Since 
the field of view of the first camera 20 is blocked by the 
suction head 2, the board B cannot be recognized directly 
with the first camera 20. Accordingly, with the mounting 
process, the reference mark is recognized using the second 
camera 21, the stage 11 is moved in the XY direction based 
on the relative position data calculated in Fig. 4(b) such 
that the position of the board B is conformed to the 
position of the laser chip P in Fig. 4(c). The suction head 
2 is as-held in the position in Fig. 4(c), so since there is 
no position deviation in the laser chip P, what is necessary 
is to perform only position correction of the board B. Note 
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that if there is deviation in the 0-axis direction, the 
stage 11 should be moved in the 0 direction. Thus, 
alignment in XYZ direction between the laser chip P and the 
board B can be accurately performed, and a highly precise 
product can be obtained by mounting in this state. 

Fig. 4 illustrates an example wherein first the spatial 
relationships between the board B and the stage 11 is 
recognized, next the spatial relationships between the 
suction head 2 and the laser chip P is recognized, and while 
holding the laser chip P on the mounting position, the board 
B is moved to the mounting position, and mounting is 
performed, but mounting may be performed by a method 
contrary to this. That is to say, first the spatial 
relationships between the suction head 2 and the laser chip 
P is recognized, next the spatial relationships between the 
board B and the stage 11 is recognized, and while holding 
the board B on the mounting position, the laser chip P is 
moved to the mounting position, and mounting is performed. 

With the positioning process shown in Fig. 4, in the 
event that mounting is performed while heating, the suction 
head 2 or the stage 11 may cause heat deformation in the 
middle of mounting. Therefore, even if alignment is 
correctly performed just before mounting, when mounting is 
completed, the case where the laser chip P and the board B 
do not agree correctly arises. 
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As a measure in such a case, the following method can 
be used in the mounting process (refer to Fig. 4(d)). 

First, the head reference mark 5 and the stage 
reference mark 14 are recognized using the first and second 
cameras 20 and 21, and the temporary stop of the suction 
head 2 and the stage 11 is carried out to the position where 
the positions of the laser chip P and the board B agree 
using the above-mentioned relative position information. At 
this time, the laser chip P and the board B only touch 
lightly. 

While heating one of or both the suction head 2 and the 
stage 11 for bonding (e.g., 350 degrees / 5 seconds or more), 
it is pressurized, and the head reference mark 5 and the 
stage reference mark 14 are consecutively captured using the 
first and second cameras 20 and 21 in the meantime. 
Subsequently, the suction head 2 and the stage 11 are 
subjected to relative position correction so as to maintain 
the relative spatial relationships in the above temporary 
stop process. 

If the method as described above is employed, even if 
deviation of the XY direction occurs in the middle of 
mounting, the cameras 20 and 21 will detect the deviation 
and correct it in real time, thereby enabling accurate 
bonding . 

In Fig. 4, the amount of heat deformation in the Z 
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direction when heating is instructed beforehand, but 
deformation of 10 jim or so may actually occur, and the 
reproducibility may also be poor. To this end, measuring 
the gap between the laser chip P and the board B using the 
third camera 22, and mounting the laser chip P on the board 
B while performing correction in real-time enables the optic 
axis of the laser chip P to be aligned with the height 
appropriate for the board B. 

As for the measuring method of the gap, three kinds of 
methods as shown in Fig. 6 can be considered. 

The first measuring method is, as shown in Fig. 6(a), a 
method for measuring a gap tl from the outline end faces of 
the laser chip P and the board B. 

The second measuring method is, as shown in Fig. 6(b), 
a method for measuring a gap t2 from the outline end faces 
of the suction head 2 and the stage 11. 

The third measuring method is, as shown in Fig. 6(c), a 
method for measuring a gap t3 from reference marks 2a and 
11a provided on the suction head 2 and the stage 11. 

Employing one of the above-mentioned methods enables 
the bonding gap between the laser chip P and the board B to 
be adjusted arbitrarily, while performing recognition 
correction using an image. Note that with the second and 
third measuring methods, when the optic axis of the laser 
chip P has been recognized, it is necessary to recognize the 
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relative position between the optic axis and the end face or 
reference mark of the head 2. 
Second Embodiment 

Fig. 7 through Fig. 11 illustrate a second embodiment 
of a mounting device according to the present invention. 

The mounting device of this example comprises a head 
section 30 and a stage section 40, a first through third 
optical systems 60, 61, and 66, and a control device (not 
shown) . 

The head section 30 comprises a suction head 31 for 
suctioning a laser chip P, a driving mechanism 32 for 
driving in the X, Y, Z-axis direction for example, and a 
bracket 33 for connecting the suction head 31 to the driving 
mechanism 32. The bracket 33 comprises a pair of supporting 
walls 33a which face, and a cavernous part 33b passing 
through in the X-axis direction is provided therebetween. 
The first optical system 60 (mirror portion) is inserted, 
with freedom of moving in and out, in this cavernous part 
33b from the X-axis direction. 

The suction head 31, as shown in Fig. 9, comprises a 
base member 34, a transparent plate 35 made up of clear 
glass or the like fixed to the upper surface of the base 
member 34, a cylindrical member 36 made up of thermal 
insulation fixed to the undersurface of the base member 34, 
an attachment member 37 fixed to the lower end portion of 
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the cylindrical member 36, and a heater 38 sandwiched 
between the attachment member 37 and the cylindrical member 
36. The above base member 34 is fixed to the lower end o£ 
the supporting walls 33a with screws or the like. The 
attachment member 37 is preferably formed with a thermally 
conductive good material as much as possible. 

A hole 34a vertically passing through is provided in 
the central portion of the base member 34, this passing- 
through hole 34a is communicated with an internal hole 36a 
of the cylindrical member 36, and a hollow portion 39 is 
made up of these holes 34a and 36a. The upper surface of 
the hollow portion 39 is closed by the transparent plate 35. 
The base member 34 is connected with an air piping 34b which 
is communicated with the hollow portion 39, and this air 
piping 34b is connected to an unshown vacuum suctioning 
device, and makes up an air suctioning path. 

A through-hole is provided in the center portion of the 
heater 38, the heater 38 is fixed to the attachment base 37 
in a concentric manner such that this through-hole and the 
part suction hole 37a formed in the center portion of the 
attachment member 37 agree. The laser chip P is suctioned 
to the lower-side opening portion of the part suction hole 
37a. 

As described above, the hollow portion 39, which 
communicates with the part suction hole 37a, is formed 
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behind the part suction hole 37a of the suction head 31, and 
the surface thereof facing the part suction hole 37a of the 
hollow portion 39 is closed with the transparent plate 35. 
A cavernous portion 33b is provided in the bracket 33 for 
connecting the head 31 to the driving mechanism 32, and the 
part suction hole 37a can be readily recognized through the 
transparent plate 35 using the first optical system 60 
inserted in this hollow portion 33b. That is to say, the 
part suction hole 37a can be employed as a head reference 
mark. In order to detect an angle deviation of the 
rotational direction, it is preferable to make the upper- 
side opening portion of the part suction hole 37a into a 
variant form with directivity, such as a rectangle. 

As shown in Fig. 10, an electrode 37b is provided on 
the surface of the attachment member 37 of the suction head 
31, and upon the suction head 31 suctioning the laser chip P 
of which the front - and - back sides have electrodes Pa and Pb, 
the upper surface electrode Pa of the laser chip P comes 
into contact with the electrode 37b and conducts electricity. 
In this state, upon probes 51 and 52 of a power source unit 
50 coming into contact with the electrode 37b and the 
undersurface electrode Pb respectively, the laser chip P can 
be made to emit light. 

Fig. 11 illustrates the power source 50 in the optic- 
axis recognizing position (refer to Fig. 4(c)). Upon the 
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suction head 31 being dropped in a state in which the power 
source unit 50 was made to march out horizontally, the 
probes 51 and 52 come into contact with the electrode 37b 
and the undersurface electrode Pb respectively, so that the 
laser chip P emits light and this optic axis can be captured 
by the third optical system 66. 

The stage section 40 comprises a stage 41 for 
suctioning and holding the board P, a driving mechanism 42 
for driving to the X, Y, 9-axis direction for example, and a 
bracket 43 for connecting the stage 41 to the driving 
mechanism 42. Since the stage 41 and the suction head 31 
are made into a vertically symmetrical configuration, and 
the bracket 43 and the bracket 33 are made into a vertically 
symmetrical configuration, the reference numerals of the 
principal components are listed below, and redundant 
descriptions thereof will be omitted. That is to say, 43b 
is a cavernous portion, 44 a base member, 44b air piping, 45 
a transparent plate, 46 a cylindrical member, 47 an 
attachment member, 47a a part suction hole, 48 a heater, and 
49 a hollow portion. In this case as well, the part suction 
hole 47a can be captured through the transparent plate 45 
using the second optical system 61 (mirror portion) inserted 
in the cavernous portion 43b from the X-axis direction, and 
the part suction hole 47a can be employed as a head 
reference mark. 
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The first optical system 60 is attached to a support 
portion 63 provided on an XY-axis driving mechanism 62 via a 
Zl-axis driving mechanism 64, and the second optical system 
61 is attached to the support portion 63 via a Z2'axis 
driving mechanism 65. The third optical system 66 is 
attached to the support portion 63 via Y-axis driving 
mechanism 67 . 

The first optical system 60 comprises a camera 60a, a 
cylindrical lens 60b extending to the X-axis direction, and 
a prism or mirror 60c attached to the tip of the lens 60b, 
and this mirror 60c is inserted in the cavernous portion 33b 
of the bracket 33. An arrangement is made wherein the light 
of the part suction hole 37a is reflected by the mirror 60c, 
and the light can be captured through the lens 60b using the 
camera 60a. 

Similarly, the second optical system 61 comprises a 
camera 61a, a cylindrical lens 61b extending to the X-axis 
direction, and a prism or mirror 61c, and this mirror 61c is 
inserted in the cavernous portion 43b of the bracket 43. 
Since the mirrors 60c and 61c are small cross sections 
compared with the cavernous portions 33b and 43b, the margin 
on a space exists in the XYZ direction. Accordingly, even 
in the event of moving the suction head 31 and the stage 41 
at the time of position recognition, mounting, or position 
correction, interference between the brackets 33 and 43 and 
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the mirrors 60c and 61c can be prevented. 

The first through third optical systems 60, 61, and 66 
preferably have an auto-focus function. 

The first optical system 60 and the second optical 
system 61 are supported by the support portion 63 such that 
the mutual optic axes face on the same axis, and also the 
cameras are not relatively moved to the XY direction. The 
third optical system 66 is supported by the support portion 
63 such that the optic axis thereof is orthogonal to the 
optic axis of the first optical system 60, and also the 
camera thereof is not relatively moved to the XZ direction. 
Also, in order to recognize the amount of optic-axis 
deviation between the first optical system 60 and the second 
optical system 61, one side of the part suction holes 37a 
and 47a provided in the suction head 31 or the stage 41 can 
be employed as a calibration mark. 

In order to correspond to a case in which multiple 
parts P are mounted on the large-sized board B, both optical 
systems 20 and 21 are capable of integrally moving to the XY 
direction by the XY-axis driving mechanism 62. 

Also, auto-focus adjustment regarding each of the 
optical systems 60, 61, and 66 may be performed 
independently by adjusting the first optical system 60 in 
the vertical direction using the Zl-axis driving mechanism 
64, adjusting the second optical system 61 in the vertical 
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direction using the Z2-axis driving mechanism 65, and 
adjusting the third optical system 66 in the horizontal 
direction using the Y-axis driving mechanism 67. 

The operation of the mounting device of the above 
example is the same as that in the first embodiment shown in 
Fig. 4, so the description thereof will be omitted. Note 
that in the event of employing the part suction hole 37a of 
the suction head 31 or the part suction hole 47a of the 
stage 41 as calibration, the suction head 31 or the stage 41 
should be inserted between the vertical optical systems 60 
and 61, and the amount of optic-axis deviation should be 
measured, prior to suctioning the laser chip P or the board 

With the second embodiment, the part suction holes 37a 
and 47a are employed as a head reference mark and a stage 
reference mark. Since the part suction holes 37a and 47a 
are located in the position nearest to the part P and the 
board B, even if there is some deformation in the suction 
head 31 or the stage 41, the amount of relative position 
deviation between the part P and the suction head 31 and the 
amount of relative position deviation between the board B 
and the stage 41 become the smallest. Since the part 
suction hole serving as a reference mark can be looked at 
through a fluoroscope from behind the head (or stage) via 
the transparent body, the position of the head (or stage) 



44 



can be accurately recognized even in the middle of mounting, 
thereby enabling high-precision positioning. 

Also, both of the suction head 31 and the stage 41 
include the heater 38 or heater 48, so the laser chip P can 
be mounted on the board B while applying heat and pressure 
thereupon. in this case, the heaters 38 and 48 are provided 
in the position extremely near to the part suction holes 37a 
and 47a, so heat can be conveyed to the part P and the board 
B most effectively, whereby improvement of bonding 
performance can be realized. Also, upon the head (or stage) 
being heated, distortion due to fluctuation of surrounding 
air occurs in an image captured by the camera, which becomes 
a cause of error, but since the hollow portion 39 is in a 
state in which it is decompressed by air suction from the 
air suctioning path 34b, the density of air is low and there 
is little fluctuation. Consequently, when capturing the 
part suction hole 37a through the transparent body 35 and 
the hollow portion 39, the accurate captured data which has 
few errors due to fluctuation can be obtained. 

With the second embodiment, an arrangement has been 
made wherein the mirror portions 60c and 61c provided in the 
first optical system 60 and the second optical system 61 are 
inserted in the cavernous portions 33b and 43b, but in the 
event that the optical systems can be configured in small 
size, an arrangement may be made wherein the lens portions 
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60b and 61b, and the mirror portions 60c and 61c are omitted, 
and the cameras 60a and 61a are directly inserted in the 
cavernous portions 33b and 43b. 

Also, an arrangement has been made wherein the stage 41 
and the suction head 31 are made into a vertically 
symmetrical configuration, and also the bracket 43 and the 
bracket 33 are made into a vertically symmetrical 
configuration, but an arbitrary configuration may be 
employed depending on the shapes and sizes of the first part 
(light emitting element) P and the second part (board) to 
deal with. 

The structure member which is supported with a pair of 
the supporting walls 33a as shown in the above example has 
been used as the brackets 33 and 43, so the suction head 31 
and the stage 41 can be supported with both-ends support 
structure as to the driving mechanisms 32 and 42, and 
bending of the suction head 31 and the stage 41 due to the 
pressurization power at the time of mounting can be 
prevented. In addition, the brackets 33 and 43 include the 
cavernous portions 33b and 43b to which the mirror portions 
60c and 61c of the optical systems 60 and 61 can be inserted 
freely, and accordingly, the head reference marks 37a and 
47a can be readily recognized in the middle of mounting. 
Third Embodiment 

Fig. 12 and Fig. 13 is an example in which two optical 
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systems (first optical system and second optical system) are 
made up of one camera^ which is a third embodiment of a 
mounting device according to the present invention. The 
same components as those in the second embodiment shown in 
Fig. 8 are appended with the same reference numerals, and 
the redundant description thereof will be omitted. 

In this example, a camera 71, a lens 72, and mirrors 
(or prisms) 73 and 74 which divide the visual field of the 
camera 71 into vertical halves are installed on a table 70 
which is provided in a support portion 63 so as to move to 
the Z direction. The optic axis of the camera is bent 
upward by the mirror 73, and is bent downward by two mirrors 
(or prisms) 76 and 77 provided in a mirror support member 75 
which cannot move in the Z-axis direction, and can capture a 
head reference mark 37a. On the other hand, the optic axis 
bent downward by the mirror 74 is bent upward by two mirrors 
(or prisms) 79 and 80 provided in a mirror support member 78 
which cannot move in the Z-axis direction, and can capture a 
stage reference mark 47a. Thus, the two optical systems can 
be made up of the one camera 71. 

Fig. 13 illustrates a visual field image using the 
camera 71. The image reflected to the upper half is the 
head reference mark 37a, and the image reflected to the 
lower half is the stage reference mark 47a. The foci of the 
images of the vertical optical systems can be simultaneously 
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adjusted by moving the table 70 in the Z-axis direction, 
making the lengths of the optical paths of the vertical 
optical systems equal, and bringing the Yl axis into focus. 
Fourth Embodiment 

Fig. 14 and Fig. 15 illustrate a fourth embodiment of a 
mounting device according to the present invention. This 
example is a method for performing alignment at high speed 
by employing five cameras. Fig. 14 will be described as 
contrasted with Fig. 1, and Fig. 15 will be described as 
contrasted with Fig. 4. Note that the same components are 
appended with the same reference numerals, and the redundant 
description thereof will be omitted. 

In Fig. 14, a first camera 81 and a second camera 82 
are held by positioning means 83 such that both optic axes 
thereof face, and a third camera 84 and a fourth camera 85 
are held by positioning means 86 such that both optic axes 
thereof face. Further, a fifth camera 87 is held by the 
positioning means 86 such that the optic axis thereof is 
orthogonal to the optic axes of the third camera 84 and the 
fourth camera 85. Note that the attachment position of the 
fifth camera 87 may be in the direction of movement and the 
right-angled direction of a head. The relative position 
between the first camera 81 and the second camera 82, and 
the relative position between the third camera 84 and the 
fourth camera 85 are fixed in the XY direction, but are 
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£reely movable in a focus direction. Also, focal movement 
in the optic-axis direction is free for the 5th camera 87. 

For example, the first camera 81 is employed for 
recognizing a head reference mark 5, and the second camera 
82 is employed for recognizing a part P which has been 
suctioned to the suction head 2. Also, the third camera 84 
is employed for recognizing a board B held on a stage 11 and 
the head reference mark 5 for example, and the fourth camera 
85 is employed for recognizing a stage reference mark 14. 
The fifth camera 87 is used not only for recognizing the 
optic axis of the part P but also for recognizing the 
mounting height of the part P. 

The operation of the mounting device made up of the 
above configuration will be described in accordance with Fig. 
15 . 

Fig. 15(a) is a calibration process, wherein the tip 
portion of the suction head 2 is inserted between the first 
camera 81 and the second camera 82, a calibration mark 6a 
provided on the suction head 2 is captured using both of the 
cameras 81 and 82, the amount of optic-axis deviation 
between both of the cameras 81 and 82 is obtained, and 
simultaneously a calibration mark 6b is captured using the 
fifth camera 87. Similarly, the stage 11 is inserted 
between the third camera 84 and the fourth camera 85, a 
calibration mark 19 provided on the stage 11 using both of 
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the cameras 84 and 85, and the amount of optic-axis 
deviation between both of the cameras 84 and 85 is obtained. 

Fig. 5 (b) illustrates a state in which the part P 
suctioned to the suction head 2 is inserted between the 
cameras 81 and 82, and the board B held on the stage 11 is 
inserted between the cameras 84 and 85. Note that a 
connecting material B2 is attached on the board B. In this 
state, the relative position between the head reference mark 
5 and the part P is recognized using the cameras 81 and 82, 
and the relative position between the board B and the stage 
reference mark 14 is recognized using the cameras 84 and 85. 
Simultaneously, the part P is made to emit light, and the 
optic axis position thereof is recognized using the fifth 
camera 87. Accordingly, the spatial relationships between 
the position of the part P, the mark of the head 2, and the 
optic axis is stored, and also the spatial relationships 
between the position of the board B and the mark 14 of the 
stage 11 is stored. 

Fig. 15(c) illustrate a state in which the suction head 
2 is moved between the third and fifth cameras 84 and 85, 
the head reference mark 5 is recognized using the third 
camera 84, the stage reference mark 14 is recognized using 
the fourth camera 85, and the head 2 is dropped such that 
the gap between the part P and the board B becomes a 
predetermined value using the fifth camera 87, and is 
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subjected to temporary stop. Here, the suction head 2 and 
the stage 11 have been moved between the third and fourth 
cameras 84 and 85, but an arrangement may be made wherein 
the suction head 2 and the stage 11 are moved between the 
first and second cameras 81 and 82, the head reference mark 
5 is recognized using the first camera 81, and the stage 
reference 14 is recognized using the second camera 82. 

Fig. 15(d) is a bonding process, wherein bonding is 
performed between the part P and the board B while heating 
both. The position correction of the suction head 2 or the 
stage 11 can be performed in real time by capturing the 
marks 5 and 14 continuously using the third and fourth 
cameras 84 and 85 so that the relative position between the 
part P and the board B may not deviate by heating. 
Simultaneously, the gap between the part P and the board B 
is measured using the fifth camera 87, and the head height 
can be corrected in real time such that the gap thereof 
becomes a predetermined value. Accordingly, as shown in Fig. 
18, the optic axis of the light emitting element can be 
accurately conformed to the waveguide of the waveguide board. 

As described above, by employing two sets of camera 
pairs of the first and second cameras 81 and 82, and the 
third and fourth cameras 84 and 85, while one camera pair 
are capturing the suction head 2 side, the other camera pair 
can capture the stage 11 side, whereby alignment and 
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mounting can be performed at high speed. 

Note that if UV cured resin is used as the connecting 
material UV is cast from the horizontal direction and 

can be made to adhere in the stage of Fig. 15(d). 

As described above, the fifth camera 87 is used not 
only for recognizing the optic axis of the part P but also 
for recognizing the mounting height of the part P, but in 
the event that the optical part P such as shown in Fig. 18 
is mounted on the waveguide board B, even if recognition is 
attempted using the 5th camera 87 from the optic-axis 
direction of the part at the time of mounting, since the gap 
between the part P and the board B hides on the board B, it 
is undetectable. In such a case, another camera having an 
optic axis in the horizontal direction may be employed. In 
this case, a total of six cameras will be used. Note that 
as shown in Figs. 6 (b) and (c), in the event of 
substituting the gap between the parts with the gap between 
the head and the stage and measuring it, it can be also used 
for optic-axis recognition of the part P and recognition of 
mounting height using the 5th camera 87. 

With the first embodiment through the fourth embodiment, 
description has been made regarding examples in which the 
one laser chip P is mounted on the one board B, it is the 
same even in the event of mounting the multiple laser chips 
P on the one board B. However, in this case, it is 
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necessary to provide alignment marks Bl as to the multiple 
mounting positions of the board B, and also provide multiple 
stage reference marks 14 on the stage 11 corresponding to 
these . 

The present invention can be employed in a wide range 
of uses, such as a chip mounter which mounts a light 
emitting element on a board, a TAB bonder, and a flip chip 
bonder . 

The mounting device of the present invention is not 
restricted to the configurations shown in the above examples, 
and any configuration can be employed as long as each of the 
processes of the present invention can be implemented. 

With the present invention, an arrangement has been 
made wherein the first optical system is disposed above the 
suction head, and the second optical system is disposed 
below the stage, but at least the portions (e.g., a lens, a 
mirror, etc.) which receive the light from a head reference 
mark and a stage reference mark should be located above the 
suction head and below the stage, and the cameras do not 
need to be disposed above the suction head and below the 
stage respectively. Accordingly, an arrangement may be made 
wherein multiple mirrors and prisms are employed, and these 
make light reflect in a camera disposed lateral to or below 
the suction head, or disposed lateral to or below the stage. 

In Fig. 4, the optic axis of the laser chip P has been 
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captured using the third optical system 22 disposed in the 
direction orthogonal to the optic axis of the first optical 
system 20, but as shown in Fig. 16, an arrangement may be 
made wherein a reflective mirror 90 is provided on the 
undersurface of the suction head 2, and by bending the light 
of the laser chip P 90 degrees by the mirror 9, it is also 
possible to capture the optic axis of the laser chip P using 
the second optical system 21. In this case, the second 
optical system 21 can be made to serve a double purpose 
instead of the third optical system 22. 

With the above examples, descriptions have been made 
regarding the case in which the laser chip is made to emit 
light, and the optic axis thereof is captured using the 
third optical system, and thus, the positions in the X 
direction and in the Z direction of the optic axis are 
recognized, but it is not necessary to necessarily recognize 
the position in the Z direction. 

For example, as shown in Fig. 17, in the event that the 
pedestal 92 used as a height reference is formed on the 
waveguide board 91, the optic axis of the laser chip 95 and 
the waveguide 93 of the waveguide board 91 can be correctly 
aligned in the Z direction only by bonding the laser chip 95 
in a state in which it pushed against the pedestal 92, and 
accordingly, it is not necessary to recognize the position 
in the Z direction of the optic axis using the third optical 
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system. Note that 96 denotes a metal connecting part. 
Brief Description of the Drawings 

Fig. 1 is a perspective view of a first embodiment of a 
mounting device using a mounting method according to the 
present invention . 

Fig. 2 is an enlarged view of the suction head and the 
stage of the mounting device shown in Fig. 1. 

Fig. 3 is a perspective view of the suction head and 
the stage of the mounting device shown in Fig. 1. 

Fig. 4 is an operation explanatory diagram of an 
alignment operation of the mounting device shown in Fig. 1. 

Fig. 5 is a diagram of the suction head and a laser 
chip as viewed from the third optical system direction. 

Fig. 6 is a diagram illustrating a method for measuring 
the gap between a laser chip P and a board B using the third 
optical system. 

Fig. 7 is a front view of a second embodiment of a 
mounting device using the present invention method. 

Fig. 8 is a cros s - sec tional view taken along the VIII- 
VIII line in Fig . 7 . 

Fig. 9 is an enlarged view of the suction head of the 
mounting device shown in Fig. 7, wherein (a) is a front view, 
and (b) is a cross - sec tional view taken along the IX-XI line. 

Fig. 10 is a diagram illustrating the configuration of 
an electric power unit. 



- 55 - 

Fig. 11 is a diagram illustrating a state in which 
electric power is supplied to the laser chip with the 
electric power unit. 

Fig. 12 is a front view of a third embodiment of a 
mounting device using the present invention method. 

Fig. 13 is a diagram illustrating visual field images 
of a camera according to the example in Fig. 12. 

Fig. 14 is a perspective view of a fourth embodiment of 
a mounting device according to the present invention. 

Fig. 15 is an operation explanatory diagram of an 
alignment operation of the mounting device shown in Fig. 14. 

Fig. 16 is a diagram illustrating an example in which 
the light of a laser chip is reflected by a mirror. 

Fig. 17 is a diagram of an example in which a laser 
chip is mounted on a waveguide board using a pedestal. 

Fig. 18 is a diagram of an example in which a laser 
chip is mounted on a waveguide board. 
Reference Numerals 

P light emitting element (first part) 

PI light emitting portion 

B board (second part) 

2 suction head 

5 head reference mark 

6a, 6b calibration mark 

7, S, 9 head driving mechanism 
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11 stage 

14 stage reference mark 

15, 16, 17 stage driving mechanism 

20 first camera 

21 second camera 

22 third camera 
25 control device 



